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Introduction 


An  attempt  to  formulate  a  statistical  correction  for  deformed  crania 
needs  no  apology.  Physical  anthropologists  dealing  with  American 
Indian  material  are  fully  aware  of  the  difficulties  involved  in  establish¬ 
ing  racial  affiliations  for  great  groups  of  aborigines  in  areas  where  artificial 
deformation  was  generally  practised.  The  modification  of  the  shape 
and  proportions  of  the  cranial  vault  and  parts  of  the  face  under  artificial 
deformation  are  so  radical  that,  with  justification,  most  investigators 
dealing  with  deformed  crania  have  eliminated  them  because  of  their 
patently  distorted  character.  This  custom  of  moulding  the  head  was  so 
nearly  universal  in  some  areas,  notably  Peru,  that  in  the  great  cranial 
collections  of  Peruvian  material  all  but  a  pitifully  small  and  inadequate 
number  are  deformed.  This  condition  is  not  confined  to  Peru  alone  but 
obtains  for  other  areas  equally  as  important.  Consequently,  there  are 
vast  stretches  on  the  anthropological  maps  of  the  Americas  which  must 
be  labeled  unknown  because  of  the  mass  of  valuable  material  which  is 
locked  away  under  the  caption  “deformed.” 

We  have  advanced  but  little  in  our  technique  of  dealing  with  de¬ 
formed  crania.  The  literature  on  deformation  is  extensive,  but,  as  far  as 
I  am  aware,  there  is  no  successful  attempt  at  recovering  the  normal 
craniometric  values.  Sullivan  (1922)  sought  to  surmount  the  obstacle 
by  a  study  of  anatomical  variations,  but  this  was  not  wholly  successful. 

This  paper  is  concerned  with  a  method  of  correction  for  deformation. 
That  is  to  say,  I  have  attempted,  by  means  of  statistical  methods,  to 
secure  formulae  which,  when  applied  to  the  means  of  series  of  deformed 
crania,  will  establish  the  principal  diameters  of  the  hypothetical  cranial 
vault  had  the  crania  not  been  deformed.  However,  I  make  no  effort  to 
go  beyond  correcting  for  maximum  head  length,  maximum  head  width, 
and  basio-bregmatic  height,  principally  because  at  the  moment  I  am  more 
concerned  with  the  method  than  its  complete  application. 

The  material  which  I  have  used  consists  of  over  ninety  series  of 
presumably  normal  crania  from  all  parts  of  the  world.  The  only  selection 
is  that  forced  upon  all  such  investigations,  namely  on  the  basis  of 
adequacy  of  numbers  in  the  individual  groups  and  whether  certain 
mean  values  were  given  by  the  respective  authors.  W herever  I  was  aware 
of  artificial  deformation  in  a  series,  even  to  a  very  slight  degree,  I  ex¬ 
cluded  it  from  the  material  with  which  I  was  dealing.  The  data  are 
exclusively  based  on  males.  A  complete  list  of  the  groups  will  be  found 
in  Table  17,  pp.  32-35. 
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Distribution  of  Deformation 


Artificial  deformation  is  worldwide  in  its  distribution.  The  maxi¬ 
mum  occurrence,  however,  is  in  America.  In  Peru  deformation  luxuriated, 
and  most  of  the  varieties  of  deformation  exist  there.  From  Peru  as  a 
center,  deformation  is  distributed  throughout  the  adjacent  areas  of 
northern  Chile,  northwestern  Argentine,  Ecuador,  and  Colombia.  In 
Middle  America  deformation  is  pictured  in  the  representations  of  the 
Maya,  and,  on  the  whole,  it  seems  clear  that  deformation  was  practised 
by  them.1  Deformation  was  also  in  vogue  among  restricted  Mexican 
groups.  Southwestern  United  States  is  also  an  area  of  much  artificial 
deformation.  Apparently  in  the  older  strata  of  the  Southwest,  among 
the  Basket  Makers,  deformation  was  unknown,  but  its  occurrence  is 
frequent  among  the  Cliff  Dwellers  and  modern  Pueblo  Indians.  The 
nomadic  Apache  and  Navajo  also  practise  deformation.  Other  centers 
in  North  America  are  the  lower  Mississippi  Valley,  Florida,  the  Mound 
Area,  and  among  the  modern  Mohave,  Yuma,  and  Northwest  Coast 
tribes. 

Another  area  of  deformation  exists  in  Oceania.  It  occurs  in  New 
Britain,  New  Caledonia,  and  New  Hebrides,  with  outliers  in  Indonesia 
(Celebes,  Borneo,  and  Mindanao). 

Deformation  is  likewise  known  in  Asia  Minor,  in  Trans-Caucasus, 
Armenia,  and  among  the  Kurd  and  Juruk;  also  in  Central  Africa  among 
the  Monbuttu  (Mangbatu)  and  in  India  (Punjab). 

In  Europe  deformation  is  found  among  the  modern  population  as  a 
remnant  of  an  older  widespread  custom.  Broca  described  it  among  the 
Toulousaines  and  said  that  it  was  still  fairly  common  among  the  people 
of  Haute-Garonne  and  Aude  of  the  Midi  in  France,  also  in  Deux-Sevres 
and  Seine-Inf  6rieure.  These  deformations  are  accidental  and  due  to 
coiffures  which  produced  the  type  sometimes  called  annular  constriction. 
Delisle  mentions  deformation  among  the  people  of  Limousin,  Nor¬ 
mandy,  and  Brittany  and  Bolk  states  that  it  is  found  among  the  Dutch 
of  Holland  (Marken  Island). 

In  early  historic  and  prehistoric  times  deformation  was  rather 
widely  spread  throughout  Europe.  It  has  been  described  among  the 
early  Alamannen,  West  Germans,  Burgundians  (Avars),  and  in  graves  of 
Roman  date;  also  in  lower  Austria,  Hungary,  and  Switzerland;  and  in 
England,  Italy,  Crimea  in  Russia,  and  in  the  Caucasus  (Kertsch  and 
Samthravo). 


^pinclen,  1913,  23-24. 

It  should  be  noted  that  the  skulls  from  the  sacred  cenote  at  Chichen  Itza  are  mostly  deformed. 
(Personal  communication  from  Doctor  E.  A.  Hooton.) 
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Classification 

Most  of  the  early  work  on  deformation  was  concerned  almost  ex¬ 
clusively  with  the  classification  and  definition  of  the  various  types  of 
deformation.  Many  of  the  systems  were  extremely  detailed  and  fine. 
Gosse  described  sixteen  separate  classes.  The  more  recent  tendency  is  to 
ignore  the  finer  distinctions,  which  are  due  to  differences  in  pressure, 
variations  in  the  mechanism  of  deformation,  and  duration  of  the  process, 
and  to  group  the  phenomena  which  are  listed  under  artificial  deformation 
in  fewer  and  more  inclusive  divisions.  This  gives  a  truer  picture  from 
the  ethnic  viewpoint  since  it  eliminates  the  accidental  and  fortuitous 
variations  which  have  no  part  in  the  ethnic  relationships  and  general 
methods  employed.  Another  change  in  the  method  of  classification  is 
the  greater  emphasis  placed  upon  the  method  and  mechanism  used  rather 
than  the  result  produced.  From  the  above,  it  is  obvious  that  this  is  the 
better  method  for  the  analysis  of  the  spread  of  the  various  types  of 
deformation. 

The  crania  which  are  classed  as  artificially  deformed  range  from 
those  so  slightly  affected  as  to  escape  notice  to  forms  which  are  startlingly 
fantastic.  The  methods  of  deformation  vary  similarly  from  simple 
cradleboard  and  bandages  to  elaborate  machines  which  have  all  the 
diabolical  appearance  of  medieval  instruments  of  torture. 

As  generally  accepted  at  the  present  time,  the  various  types  of 
deformation  may  be  divided  into  the  following  classes : — 

1.  Simple  occipital.  This  may  be  the  result  of  accidental  flatten¬ 
ing  caused  by  the  pressure  of  the  infant’s  head  against  a  cradleboard. 
Conscious  pressure,  however,  is  frequently  used  to  flatten  the  occiput. 
The  area  of  flattening  varies  considerably  from  the  most  posterior  part 
of  the  occipital  bone  to  the  area  at  lambda  or  even  slightly  above. 
\\  hether  or  not  a  more  or  less  marked  lambdoid  flattening  occurs  nat¬ 
urally  is  a  debated  point,  but  there  can  be  no  doubt  that  in  many  groups 
its  origin  is  artificial. 

2.  Fronto-occipital.  In  this  type  of  deformation  pressure  is 
exerted  in  two  planes,  the  frontal  and  occipital.  Some  writers  speak  of  an 
“active”  and  “  passive”  pressure,  but  this  appears  to  be  an  over  refine¬ 
ment  of  terms,  since  it  is  difficult  to  conceive  of  one  pressure  as  active 
and  the  other  as  passive.  Here,  as  for  occipital  deformation,  the  range 
oi  deformation  is  great,  but  there  is  no  doubt  that  all  crania  which  are 
grouped  in  this  category  must  be  considered  as  the  result  of  conscious 
artifice.  1  he  area  of  flattening  varies,  especially  in  the  occiput,  where  it 
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may  be  rather  high  up  covering  lambda  and  the  adjacent  parietal  region. 
These  differences  are  difficult  to  evaluate  since  in  most  cases  we  have  no 
information  in  regard  to  the  exact  method  of  moulding  the  head. 

3.  Annular.  This  type  is  best  exemplified  in  the  Aymara  deforma¬ 
tion.  It  is  not  strictly  a  simple  frontal  deformation,  although  the  de¬ 
formation  is  most  obvious  in  this  region.  The  occiput  appears  pulled 
upwards  and  backwards  as  the  result  of  circular  bandages  which,  passing 
over  the  frontal  bone,  are  carried  across  the  temporals  and  the  occipital. 
The  pressure  is  therefore  circular.  Frequently  there  is  a  marked  post¬ 
coronal  depression.  Whether  or  not  boards  were  also  used  is  uncertain. 

4.  Miscellaneous  forms  of  deformation  include  “Toulousaine” 
which  is  produced  by  a  coif  which  leaves  a  transverse  depression. 
Other  variant  forms  are  difficult  to  classify  and  may  be  mainly  aberrant 
and  individual  variations. 

The  Effects  of  Deb’ormation 

The  practice  of  deforming  the  cranium  may  be  the  result  of  a 
conscious  attempt  to  emphasize  an  ethnic  conception  of  beauty  or  may 
be  merely  the  carrying  out  of  a  tradition.  But  whether  intentional  or 
unintentional  the  net  result  is  the  same  in  a  definite  directing  and  in¬ 
hibiting  of  growth.  The  essence  of  deformation  is  the  fact  that  growth 
is  inhibited  in  one  direction  with  compensatory  growth  in  another,  thus 
shortening  or  increasing  the  gross  diameters  of  the  cranium.  Obviously 
the  degree  to  which  the  cranium  is  transformed  depends  on  the  type  of 
deformation  and  the  pressure  exerted  in  the  process  of  deformation. 
Unfortunately,  there  are  only  a  few  investigations  on  the  changes  which 
take  place  as  the  result  of  deformation,  and  for  the  most  part  our  con¬ 
clusions  regarding  these  changes  are  speculative,  since  rarely  is  such  a 
comparison  carried  out  with  due  comparative  insight  and  control. 
Martin  (1914)  estimates  that  under  simple  occipital  deformation  the 
maximum  cranial  length  is  shortened  by  from  5  to  30  mm.,  the  breadth 
increased  up  to  20  mm.,  and  the  height  increased  up  to  a  maximum  of 
15  mm.  Other  changes  in  the  skull  are  the  reduction  of  the  orbits  in  the 
sagittal  plane,  a  narrowing  of  the  fissurse  orbitales,  superior  and  inferior. 
Especially  common  in  occipi tally  and  front o-occipitally  deformed  skulls 
is  the  antero-posterior  shortening  of  the  meatus  acusticus  externus. 
Exostoses  which  frequently  occur  bilaterally  in  the  auditorium  meatus 
are  quite  common  in  such  skulls.  Oetteking  (1924)  believes  that  deforma¬ 
tion  affects  the  declination  of  the  pars  basilaris.  There  are  other  modifica- 
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t.ions  of  the  cranium  which  are  correlated  with  various  types  of  deforma¬ 
tion. 

The  facial  parts  of  the  cranium  are  relatively  less  influenced  by 
deformation  than  the  cranial  vault.  However,  it  seems  likely  that  the 
bizygomatic,  minimum  frontal  and  orbital  diameters  are  changed  to  a 
certain  extent.  The  weight  of  the  skull  is  said  by  Martin  to  remain 
unchanged.  Also,  it  does  not  appear  that  deformation  has  any  generally 
noticed  effect  on  intelligence  or  the  capacity  of  the  cranium.  As  will 
appear  below,  the  gross  diameter  of  basion-nasion,  which  is  a  composite 
measurement,  is  apparently  uninfluenced  by  deformation,  although  it  is 
quite  possible  that,  the  angle  of  basion-nasion  with  the  Frankfort  plane 
or  that  the  angle  of  the  pars  basilaris  may  be  modified. 

It  is  manifest,  then,  that  for  a  more  complete  understanding  of  the 
phenomenon  of  deformation  we  must  determine  more  accurately  the 
effect  of  deformation  under  the  various  methods  used.  The  basis  for 
such  an  investigation  is  afforded  by  the  corrections  developed  in  the 
following  pages. 


The  Problem 

It  seems  wisest  to  make  clear  at  the  outset  the  method  employed 
and  the  procedure  which  was  necessary  in  securing  the  correction  formula 
for  deformation.  In  order  to  establish  a  formula  which  might  be  applied 
universally  to  all  deformed  series,  correlations  which  are  inter-  as  well 
as  intra-racial  have  been  utilized.  This  universality  of  the  correction  is 
essential  since  in  many  cases  a  group  of  people  may  be  represented  by 
deformed  crania  only.  Occasionally,  however,  in  addition  to  the  deformed 
crania  there  also  exists  a  series  of  undeformed  skulls.  Under  these  cir¬ 
cumstances,  if  the  undeformed  series  is  statistically  adequate  and  anthro¬ 
pologically  homogeneous  with  the  deformed,  it  would  be  valid  to  derive 
the  correction  from  this  undeformed  group.  The  method  outlined  below 
would  in  this  case  be  applied  directly  to  the  undeformed  series  and  the 
formulae  thus  obtained  could  then  be  applied  to  the  related  deformed 
group  only.  To  insure  validity  for  the  correction  it  would  have  been 
desirable  to  correlate  not  only  the  individuals  within  each  series,  but 
also  to  combine  all  the  records,  regardless  of  group,  into  one  all-embracing 
correlation.  Unfortunately,  the  various  series  were  represented  for  the 
most  part  only  by  means,  so  that  to  group  together  what  individual 
records  were  available  would  have  greatly  limited  the  total  range  of  the 
correlation.  To  overcome  this  difficulty  and  still  retain  all  the  data 
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available  weighted  group  means  were  correlated.  For  the  correlation 
between  maximum  cranial  length  and  basion-nasion  seventy-six  group 
means  were  used,  while  for  the  other  correlations  over  ninety  were  used. 


Table  1 

Correlations  for  Basion-Nasion  and  Head  Length 


No. 

R 

Australians 

24 

.57 

Early  PreDyn.  Egyptians 

36 

.48 

Late  PreDyn.  Egyptians 

99 

.60 

6-12  Dynasty  Egyptians 

SO 

.60 

Roman  Period  Egyptians 

50 

.63 

Altbaverische 

55 

.51 

Greenland 

96 

.43 

Tennessee  Stone  Graves 

15 

.42 

Egyptians  (XXVI-XXX) 

Western  Reserve: 

895 

.45' 

White 

.45* 2 

Negro 

.47 

In  all  cases  where  deformation  was  suspected  the  mean  was  excluded 
from  the  series  so  that  only  normally  developed  crania  are  included  in  the 
calculations.  Another  restriction  made  imperative  to  maintain  as  large 
a  series  as  possible  was  the  necessity  of  using  measurements  which  are 
commonly  taken. 

Correction  for  M  ciximum  Cranial  Length.  The  problem,  in  its  simplest 
terms,  of  correcting  the  maximum  cranial  length  consists  in  the  determi¬ 
nation  of  a  structural  correlation  on  the  skull  which  is  both  inter-  and 
intra-racial.  One  of  the  factors  necessarily  involved  is  the  diameter, 
maximum  cranial  length,  which  is  modified  by  artificial  deformation  and 
for  which  we  are  correcting.  The  other  factor  in  the  correlation  must  be 
one  which  is  uninfluenced  by  the  deformation.  Given  such  a  condition, 
correction  becomes  a  matter  of  statistical  formulae.  Obviously,  the  prob¬ 
ability  that  the  corrected  diameter  would  approximate  the  true  diameter 
of  the  hypothetically  undeformed  crania  increases  with  the  approach 
of  the  correlation  to  unity,  at  which  point  one  could  correct  for  individual 
crania.  But  since  such  a  correlation  is  practically  never  realized  in 
biometric  phenomena,  the  correction  can  be  applied  only  to  group  means. 

In  Table  1  are  listed  the  coefficients  of  correlation  between  maximum 
cranial  length  and  basion-nasion  in  various  series.  All  these  are  very 


'Pearson  and  Davin,  1924,  348. 

2Cameron,  1925,  147. 
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high  and  point  to  a  real  relationship  between  these  two  diameters  within 
the  group.  It  would,  of  course,  have  been  desirable  to  make  a  similar 
group  correlation  for  each  series,  but  the  correlations  given,  which  are 
random  ones,  sufficiently  indicate  the  fact  that  the  high  correlation  for 
maximum  cranial  length  and  basion-nasion  is  characteristic  intra-racially. 
Table  2  represents  the  array  of  seventy-six  group  means  for  maximum 
cranial  length  and  basion-nasion,  giving  the  very  high  coefficient  of 
+  .65.  This,  I  believe,  is  ample  demonstration  of  the  inter-racial  char¬ 
acter  of  the  correlation  and  permits  a  formula  based  on  this  calculation 
to  be  applied  universally. 

As  mentioned  above,  to  correct  for  the  cranial  length  which  has 
been  modified,  basion-nasion  must  be  a  diameter  which  has  remained 
unchanged.  .Otherwise  there  would  be  no  accurate  way  of  measuring 
directly  the  degree  to  which  the  maximum  cranial  length  has  been  de¬ 
formed.  In  Table  3  I  have  compared  the  means  of  cranial  length,  breadth, 
and  height  and  basion-nasion  in  deformed  and  undeformed  series  of  the 
same  group.  In  Table  4  the  means  of  the  deformed  and  undeformed  are 
similarly  compared  in  the  sequence  of  archaeological  strata  at  Pecos, 
New  Mexico.  Fortunately,  these  crania  from  Pecos  have  been  carefully 
studied  by  Doctor  Hooton  and  he  has  kindly  put  at  my  disposal  the 
data  given  in  this  table.  It  is  clear  from  a  consideration  of  these  two 
tables  that  although  the  maximum  cranial  length,  maximum  width,  and 
basion-bregma  height  are  markedly  modified  by  deformation,  never¬ 
theless,  basion-nasion  remains  unchanged.  This  conclusion  on  the 
stability  of  basion-nasion  under  deformation  receives  additional  con¬ 
firmation  from  a  consideration  of  the  selective  or  non-selective  nature 
of  the  different  types  of  deformation  which  ace  represented  in  Tables  3 
and  4.  Hooton  writes: — 

“Assuming  artificial  deformation  to  have  been  caused  by  pressure 
of  the  occiput  on  a  hard  cradle  board,  it  seems  clear  that  this  cause  would 
naturally  affect  round-headed  infants  to  a  greater  extent  than  long-headed 
infants,  for  if  the  head  of  the  child  is  free  to  turn  from  side  to  side, 
the  tendency  for  the  dolichocephalic  child  with  the  protruding  occiput 
is  to  rest  the  head  on  one  side  or  the  other  rather  than  on  the  back. 
On  the  other  hand,  a  brachycephalic  child  with  an  occiput  more  or  less 
flat  is  likely  to  rest  on  the  back  of  the  head  rather  than  on  the  side. 
Again,  if  the  head  is  fixed  so  that  it  must  rest  on  the  occiput  the  greater 
convexity  of  the  long-headed  occiput  presents  less  surface  for  deforma¬ 
tion  than  the  relatively  flat  occiput  of  the  round  head.”1 


•Hooton,  1920,  S9. 


Table  5 

Seriation  of  Seventy-Six  Group  Means,  Maximum  Cranial  Length 


173  1 

174  1 

175  7 

176  6 

177  7 

178  5 

179  7 

180  6 

181  1 

182  2 

183  5 

184  5 

185  7 

186  3 

1S7  1 

188  2 

1S9  4 

190 

191  4 

192  1 


75 


Table  6 

Seriation  of  Seventy-Six  Group  Means,  Basion-Nasion 


97 

1 

98 

6 

99 

16 

100 

13 

101 

11 

102 

11 

103 

4 

104 

6 

105 

6 

106 

1 

75 


16 
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From  the  above  quotation  it  appears  that  artificial  deformation 
of  the  unintentional  cradleboard  variety  may  exert  a  definite  selection 
based  on  the  shape  of  the  head  and  the  nature  of  the  occiput.  It  would 
be  natural  then  to  expect  an  original  difference  between  the  crania 
which  remain  undeformed  or  only  slightly  deformed  and  those  which  are 
markedly  influenced  by  this  type  of  deformation.  On  the  other  hand, 
where  the  deformation  practised  was  intentional  and  consummated  by  a 
definite  technique,  there  was  probably  no  selection  on  the  basis  of 
cranial  shape,  although  conceivably  the  degree  of  deformation  was  in¬ 
fluenced  by  the  shape  of  the  head.  Turning  back  again  to  the  groups 
listed  in  Tables  3  and  4,  which  have  been  divided  into  deformed  and 
undeformed,  in  the  case  of  the  Patagonians  del  Rio  and  the  Patagonians 
del  Chubut,  the  deformation  was  intentional.  The  similarity  of  the 
basion-nasion  means  for  both  the  deformed  and  undeformed  of  these 
two  groups  is  entirely  expected.  However,  the  Madisonville,  Tennessee, 
and  Pecos  series  exhibit  unintentional  deformation  produced  by  cradle- 
board  flattening.  Here  we  should  expect  a  difference  between  the  de¬ 
formed  and  undeformed  means  of  basion-nasion,  based  on  selection. 
This  selective  character  of  unintentional  deformation  is  well  illustrated 
in  the  differences  between  mean  basion-nasion  diameters  in  Table  4. 
Further,  it  should  be  noted  that  the  differences  between  the  basion- 
nasion  diameters  of  deformed  and  undeformed  are  not  all  minus  or  all 
plus,  but  vary  in  both  directions:  an  indication  of  the  fact  that  basion- 
nasion  is  unmodified  by  the  deformation,  for  otherwise  one  would  expect 
a  constant  difference  between  the  deformed  and  undeformed  means.  It 
should  be  pointed  out  that  there  is  no  inconsistency  between  the  facts 
that  the  basion-nasion  diameter  remains  stable  under  deformation  and 
that  a  hypothetical  change  occurs  in  the  angle  of  the  cranial  base  with 
the  Frankfort  plane  under  deformation. 

We  may  now  return  to  Table  2  from  which  the  correction  or  regres¬ 
sion  formula  for  the  maximum  cranial  length  is  derived.  Table  5  is  the 
seriation  of  the  group  means  for  maximum  cranial  length  (x)  and  Table  6 
the  sedation  for  the  basion-nasion  means  (y).  If  we  let  r  represent 
the  coefficient  of  correlation  between  these  two  diameters  and  ax  the 
standard  deviation  for  cranial  length  and  cry  the  standard  deviation  for 
basion-nasion,  the  correction  or  regression  formula  is  derived  in  the 
following  manner: — 


IS 
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a\ 

r— 

cry 

.65^^ 

1 . 93y 

x  =  1 . 49y 

Since  x  equals  the  cranial  length  and  y  the  basion-nasion  diameter,  we 
may  state  that  for  every  unit  change  in  the  mean  maximum  cranial 
index  there  is  an  equivalent  change  of  1.49  units  in  the  mean  basion- 
nasion  diameter.  The  actual  correction  for  the  maximum  cranial  length 
mean  is  relatively  simple.  The  difference  between  the  mean  basion- 
nasion  diameter  of  the  deformed  series  and  y  (or  undeformed)  is  mul¬ 
tiplied  by  1.49  and  the  sum  is  added  to  or  subtracted  from,  according  to 
signs,  the  head  length  of  x  (or  undeformed).  This  gives  a  mean  which 
represents  what  would  have  been  the  mean  cranial  length  if  the  crania 
had  not  been  artificially  deformed.  That  is  to  say,  the  corrected  mean 
represents  the  true  mean  as  contrasted  with  the  mean  of  the  deformed. 

Fortunately,  I  am  able  to  use  as  a  check  on  the  method  the  two 
Patagonian  series  studied  by  Marelli.1  These  crania  have  been  divided 
into  deformed  and  undeformed,  and,  because  of  the  fact  that  there  is  no 
morphologically  selective  factor  operating  in  this  type  of  deformation, 
they  are  therefore  homogeneous,  and  we  can  profitably  compare  the 
corrected  means  of  the  deformed  series  with  the  means  of  the  undeformed. 


1  Marelli,  1915. 


Table  7 


Seriation  of  Head  Length,  Deformed  and  Undeformed,  of  Patagonians  del 

Rio  Negro 


Class  Interval 

Undeformed 

Deformed 

165 

2 

166 

167 

2 

16S 

1 

169 

2 

170 

3 

171 

1 

172 

3 

173 

5 

174 

175 

3 

176 

2 

3 

177 

1 

5 

178 

1 

179 

2 

180 

4 

1 

181 

1 

1 

182 

1 

2 

183 

2 

2 

184 

2 

1 

185 

3 

1 

186 

5 

1 

187 

2 

1 

188 

2 

189 

1 

190 

3 

191 

5 

2 

192 

1 

1 

193 

2 

194 

2 

195 

3 

196 

1 

1 

197 

198 

3 

199 

1 

200 

1 

201 

2 

52 

45 

19 


Table  8 


Seriation  of  Basion-Nasion,  Deformed  and  Undeformed,  of  Patagonians  del 

Rto  Negro 


Class  Intervals 

96 

97 

98 

99 
100 
101 
102 

103 

104 

105 

106 

107 

108 

109 

110 
111 
112 

113 

114 

115 

116 


Undeformed 

1 

1 

7 


3 

4 
3 
6 
9 
3 
3 
3 

1 


Deformed 

2 

1 

5 

1 

1 

2 

9 

4 

4 

4 


3 

1 

1 

1 


46  39 


20 


Table  9 


Seriation  of  Head  Length,  Deformed  and  Undeformed,  of  Patagonians  del 

Chubut 


Class  Interval 

174 

175 

176 

177 

178 

179 

180 
181 
182 

183 

184 

185 

186 

187 

188 

189 

190 

191 

192 

193 

194 


Undeformed  Deformed 
2 

1 


2 

1 

2  4 
2 
3 

2  1 

1  2 

5  2 

1  1 

2 

3  2 
3 

2  1 

1  2 

1 

1  2 


195 


2 


1 


25  30 


21 
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Table  10 

Seriation  of  Basion-Nasion,  Deformed  and  Undeformed,  of  Patagonians 


Class  Interval 

del  Chubut 

Undeformed 

Deformed 

98 

1 

1 

99 

2 

100 

101 

1 

1 

102 

1 

103 

2 

1 

104 

3 

3 

105 

1 

3 

106 

4 

2 

107 

2 

7 

108 

4 

4 

109 

1 

110 

3 

1 

111 

112 

2 

113 

1 

— 

— 

22 

29 

Tables  7  and  8  give  the  seriation  of  the  maximum  cranial  length  and 
the  basion-nasion  diameters  of  the  Patagonians  del  Rio,  and  in  Tables 
9  and  10  the  same  diameters  for  the  Patagonians  del  Chubut.  The  mean 
basion-nasion  diameters  are  very  close,  although  the  mean  cranial  lengths 
differ  considerably  between  the  deformed  and  undeformed.  The  follow¬ 
ing  illustrates  the  method  of  correction : — 

Patagonians  del  Rio 

1.  Mean  basion-nasion,  deformed  105.23 

Mean  basion-nasion,  undeformed  104.00 

Difference+1 . 23 

+  1.23X  +  1. 49  =  +  1.83 
Mean  maximum  cranial  length,  unde¬ 
formed  188.31 

1.83 

Corrected  mean  for  deformed  crania  190.14 

Were,  however,  an  undeformed  series  lacking,  it  would  be  possible  to  use 
basion-nasion  and  maximum  cranial  length  means  of  the  x  and  y  series, 
as  the  following  illustrates: — 
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2.  Mean  basion-nasion.  deformed  105.23 

Mean  basion-nasion,  y  101 . 06 

Difference+4. 17 

+4. 17  X  +  1  49  =  +6.21 

Mean  maximum  cranial  length  of  x  series  181 . 85 

6.21 

Corrected  mean  for  deformed  crania  188.06 

The  corrected  means  obtained  by  both  these  methods  are  remarkably 
similar  and  when  compared  with  the  mean,  188.31  mm.,  for  the  unde- 
formed  Patagonians  del  Rio,  they  check  closely. 

Patagonians  del  Chubut 

1.  Mean  basion-nasion,  deformed  l05.46 

Mean  basion-nasion,  undeformed  106. 14 

Difference — .  68 

—  ,68X  +  1.49  =  — 1.01 

Mean  maximum  cranial  length,  undeformed  187.28 

—1.01 

Corrected  mean  for  deformed  crania  186.27 

Or, 

2.  Mean  basion-nasion,  deformed  105.46 

Mean  basion-nasion,  y  101  06 

Difference+4 .40 

+  4 . 40X  +  1  •  49  =  +6 . 556 

Mean  maximum  cranial  length  of  x  series  181 . 85 

6.56 

Corrected  mean  for  deformed  crania  188.41 

Here  also,  the  corrected  means  obtained  by  both  methods  are  very 
close  and  approximate  the  undeformed  mean. 

Correction  for  Maximum  Cranial  Width.  It  was  necessary,  in  correct¬ 
ing  for  cranial  width,  to  adopt  a  slightly  different  procedure  than  was 
used  for  the  cranial  length.  Among  the  available  measurements  there 
was  no  diameter  which  could  serve  the  purpose  as  satisfactorily  as  basio- 
nasion  length  in  the  preceding  correction. 
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Table  11 


Comparison  of  the  Cranial 

Modules  of  Deformed 

and  Undeformed 

Cranial  Module 

Basion-Nasion 

Patagonians  del  Rio 

Undeformed 

156 . 29 

104.00 

Deformed 

154.59 

105.23 

Patagonians  del  Chubut 

Undeformed 

156.78 

106.14 

Deformed 

159.25 

105.46 

Madisonville 

Undeformed 

153.23 

105.62 

Deformed 

153.55 

105.47 

Pecos  Total  Series  A 

Undeformed 

150.29 

102 . 70 

Deformed 

150.18 

101.58 

Pecos,  Glaze  I 

Undeformed 

147.95 

99.40 

Deformed 

151.52 

101.00 

Pecos,  Glace  II,  III 

Undeformed 

152.94 

104.38 

Deformed 

148.80 

100.96 

Pecos,  Glaze  IV 

Undeformed 

148.19 

102.40 

Deformed 

151.48 

101.89 

Pecos,  Glaze  V,  VI 

Undeformed 

150.29 

103.22 

Deformed 

150.30 

102.50 

Consequently,  I  have  used  an  index  which  makes  a  suitable  substitute. 
On  the  basis  of  Table  11,  we  may  assume  that  the  cranial  module  is  not 
seriously  affected  by  deformation.  This  is  borne  out  by  the  fact  that 
the  cranial  modules  of  deformed  and  undeformed  are  very  similar  when 
the  deformation  is  non-selective  as  shown  by  the  approximation  of  the 
basion-nasion  diameters.  From  a  consideration  of  the  form  of  the 
cranium  under  deformation  it  seems  that  by  compensatory  growth 
along  lines  at  right  angles  to  the  plane  of  inhibition  of  growth  the  sum 
total  of  the  diameters  of  the  skull  remains  substantially  the  same.  What 
is  lost  in  one  diameter  is  made  up  in  the  increased  growth  of  the  other 
diameters.  In  order  to  secure  an  inter-racial  correlation  I  obtained  a 
cranial  module  index  by  dividing  the  cranial  module  by  the  cranial 
length  and  correlated  this  index  with  the  mean  cranial  width.  In  Table 
12  there  is  an  array  of  ninety  series  which  yields  the  coefficient  of  correla¬ 
tion  for  mean  cranial  module  index  and  cranial  width  of  +.71.  In 
Tables  13  and  14  are  given  the  seriations  of  the  group  means  used  in  this 
correlation.  Ihe  application  of  this  coefficient  to  the  correction  of  the 


Array  of  Ninety  Grout  Means  for  Cranial  Module  Index  and  Cranial  Width 
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cranial  width  is  achieved  by  the  same  method  which  was  used  for  the 
maximum  cranial  length: — 


C7X 

r  — 
ay 


.71'^ 
3 . 61y 

x  =  .  99v 


Table  13  Table  14 


Seriation  of  Ninety 

Group  Means 

Seriation  of  Ninety 

Group  Means 

Cranial  Width 

Cranial  Modul 

e Index1 

128 

1 

79.50 

1 

129 

2 

80.00 

1 

130 

2 

80.50 

1 

131 

.  3 

81.00 

3 

132 

4 

81.50 

4 

133 

3 

82 . 00 

10 

134 

5 

82 . 50 

7 

135 

7 

83.00 

13 

136 

3 

83.50 

10 

137 

4 

84.00 

3 

138 

3 

84.50 

7 

139 

8 

85.00 

7 

140 

6 

85.50 

5 

141 

8 

86  00 

8 

142 

7 

86.50 

4 

143 

5 

87 . 00 

4 

144 

2 

87 . 50 

o 

145 

5 

— 

146 

2 

90 

147  1 

148  2 

149  1 

150  3 

151  1 

152  2 

90 

To  obtain  the  cranial  module  index  for  the  deformed  group,  the  corrected 

mean  cranial  length 

is  divided  into  the  uncorrected  cranial  module.  The 

difference  between  the  cranial  module  indices  for  deformed  and  unde- 

'Index  of  the  means. 
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formed  is  then  multiplied  by  the  correction,  and  the  sum  is  added  to  or 
subtracted  from,  according  to  signs,  the  mean  cranial  width  of  the  un¬ 
deformed.  As  in  correcting  for  the  cranial  length,  the  x  and  y  series  is 
used  where  there  is  no  undeformed  group  for  comparison. 

The  two  Patagonian  series  mentioned  above  are  used  here  again  as 
illustrations  of  the  method  and  as  checks  on  the  accuracy  of  the  correc¬ 
tion.  In  Tables  15  and  16  are  given  the  seriations  of  cranial  width,  de¬ 
formed  and  undeformed,  of  the  Patagonians  del  Rio  and  del  Chubut 
Patagonians  del  Rio 


1.  Cranial  module,  undeformed 
Cranial  length,  undeformed 


156^29  _  g2  99  Cranial  module  index 
188.31 


Cranial  module,  deformed  154.59 

Corrected  cranial  length,  deformed  190 . 14 


=  81.30  Cranial  module  index 


— 1.69  Difference 


— 1.69X+.99  =— 1.67 
Cranial  width,  undeformed  138 . 23 

—1.67 


Corrected  cranial  width,  deformed 

136. 

56 

Or, 

2.  Cranial  module  index,  y 

83. 

,74 

Cranial  module  index,  deformed 

82. 

.20 

Difference 

— 1 

,54 

— 1.54X  +  .99  =  1.52 

Cranial  width  x 

139 

.87 

— 1 

.52 

Corrected  cranial  width,  deformed 

138 

.35 

Table  15 


Seriation  of  Head  Width,  Deformed  and  Undeformed,  of  Patagonian 


Class  Intervals 

del  Rio  Negro 

Undeformed 

Deformed 

130 

2 

2 

131 

1 

1 

132 

2 

133 

4 

3 

134 

5 

3 

135 

3 

2 

136 

3 

137 

1 

2 

138 

8 

2 

139 

8 

1 

140 

3 

1 

141 

1 

1 

142 

2 

2 

143 

1 

4 

144 

2 

2 

145 

2 

146 

1 

147 

1 

1 

148 

1 

1 

149 

150 

151 

1 

5 

152 

153 

1 

1 

154 

155 

1 

156 

1 

157 

2 

158 

1 

159 

160 

161 

162 

1 

Table  16 


Seriation  of  Head  Width, 


Deformed  and  Undeformed, 
DEL  ChTJBTJT 


of  the  Patagonians 


Class  Intervals 

Undeformed 

Deformed 

132 

1 

133 

134 

135 

1 

136 

1 

137 

2 

138 

3 

139 

2 

140 

1 

141 

1 

142 

3 

2 

143 

144 

2 

145 

1 

2 

146 

1 

147 

3 

148 

1 

3 

149 

4 

150 

2 

5 
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1 

2 

152 

1 

2 

153 

1 

154 

2 

155 

1 

156 

157 

1 

158 

159 

1 

160 

25 

2 

30 

29 


30 


Anthropological  Papers  American  Museum  of  Natural  History.  [Vol.  XXX, 


Patagonians  del  Chubut 

1.  Cranial  module,  undeformed  i^8_  =  83. 71  Cranial  module  index 
Cranial  length  187.28 


Cranial  module,  deformed  159.25 

Corrected  cranial  length,  deformed  1S6  27 


=  85.49  Cranial  module  index 


1 . 78X  +  .99  =  1 . 76 


Cranial  width,  undeformed 

143 

.28 

+  1. 

76 

Corrected  cranial  width,  deformed 

145 

.04 

Or, 

2.  Cranial  module  index,  y 

83. 

74 

Cranial  module  index,  deformed 

84. 

.52 

Difference 

+ 

.78 

+  .  78  X  +  .  99  =  +  .  77 

Cranial  width  x 

139 

.87 

+  . 

77 

Corrected  cranial  width,  deformed 

140 

.64 

Correction  for  Cranial  Height.  The  correction  given  in  this  section 
for  the  cranial  height  is  put  forth  with  considerable  hesitation  and  should 
be  regarded  as  strictly  tentative.  Following  the  methods  adopted  in  the 
previous  corrections  outlined  above,  I  obtained  from  eighty-two  group 
means  the  expectedly  high  correlation  of  — .91  between  the  cranial 
width  and  the  breadth-height  index.  Although  this  is  a  spurious  correla¬ 
tion,  nevertheless,  for  the  purpose  of  this  correction,  it  may  be  regarded 
as  suggestive.  It  should  be  noted,  however,  that  a  double  error  exists. 
Necessarily  there  is  a  certain  error  in  the  corrected  cranial  width  which 
is  given  double  value  in  this  correlation  since  it  is  present  in  both  variates 
of  the  correlation — cranial  width  and  breadth-height  index.  The  regres¬ 
sion  formula  is  obtained  as  in  the  above. 

<7X 

r — 
cry 

5 . 06y 

x = — .  798y 


1928.] 


Shapiro,  Correction  for  Artificial  Deformation  of  Skulls. 
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The  corrected  cranial  height  (basion-bregma)  is  obtained  by  multi¬ 
plying  the  corrected  cranial  width  by  the  corrected  breadth-height  index 
obtained  by  the  above  formula. 

However,  the  corrected  basio-bregmatic  height  may  be  secured  in 
another  way:  by  subtraction  of  the  sum  of  the  corrected  means  for 
cranial  length  and  width  from  the  sum  of  the  three  uncorrected  cranial 
diameters. 


Conclusion  and  Summary 


In  order  to  make  clear  the  comparisons  between  the  undeformed,  de¬ 
formed,  and  corrected  means,  I  append  the  following  table.  The  signifi¬ 
cance  of  these  figures  is  explained  in  the  above. 


‘  Undeformed 


Patagonians  del  Rio 

Head  Length  188.31 

Head  Width  138.23 

Patagonians  del  Chubut 

Head  Length  187 . 28 

Head  Width  143 . 28 


Deformed 
Corrected  by 
x  Series 
1S8.06 
138.35 

188.41 

140.64 


Corrected  by 
Undeformed 
Patagonians 
190.14 
136.56 

186.27 

145.04 


The  method  outlined  above  serves  as  an  approach  to  the  problem  of 
deformation.  Its  usefulness  can  be  determined  only  by  its  application  to 
deformed  crania.  It  should  be  pointed  out  again,  in  justice  to  the  method, 
that  in  all  biometric  phenomena  we  expect  some  individual  deviation,  so 
that  the  investigator  must  determine  for  himself  the  applicability  of 
these  corrections  for  each  series. 

The  following  are  the  three  correction  formulae.  I  include  that  for 
basio-bregmatic  height  with  the  reservations  given  above: — 


Maximum  Cranial  Length 
Maximum  Cranial  Width 
Basio-Bregmatic  Height 


+  1.49 
+  .99 
—  .80 
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Series  Cranial  Length  Cranial  Width  Cranial  Height  Basion-Nasion  Capacity  Author 
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Mongol-Torgouts  179.0  13  150.75  12  125.46  13  100.15  13  1489  9  Rcicher,  1913 
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